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Abstract
Introduction: Surgically Facilitated Orthodontic Therapy (SFOT) has been utilized for years to overcome
the limitations encountered with traditional orthodontic treatment of dentoalveolar and alveoloskeletal
malocclusions. The procedure, which consists of full flap corticotomies and bone grafting, has many
proposed benefits including increased speed and range of tooth movement. The purpose of this study is to
evaluate arch expansion in patients treated with SFOT and clear aligners.

Materials and Methods: A retrospective cohort study design was used to evaluate 51 consecutive adult
patients that were treatment planned for significant arch expansion with corticotomies, bone grafting, and
clear aligners. 17 of the 51 patients refused the surgical procedure and served as controls. Eight transverse
arch width measurements were obtained at three different time points (Initial, ClinCheck, Refinement). Five
calculations were performed to determine the magnitude, predictability, and efficiency of arch expansion.

Results: The difference in treatment time between the two groups was statistically significant at 5.2 months
(P < .0001). On average, corticotomies reduced the length of treatment by 46% and increased the rate of
expansion 2.4x. Patients that received SFOT achieved a greater magnitude (+28%) of expansion at a
significantly higher rate (P< 0.002) than controls for all eight interarch measurements. The SFOT group
displayed higher predictability (% goal achieved) and a smaller difference between predicted and achieved
tooth movements for all measures obtained. The mean age for the entire sample was 42.81 (+12.51 years).

Conclusion: Arch expansion with corticotomy-assisted clear aligner therapy is significantly more effective,
efficient, and predictable than with clear aligners alone. The predictability of expansion with aligners appears
to have a higher range than initially thought, even in patients that do not receive corticotomies.

Introduction
In 1959, Köle1 first described modern corticotomies to facilitate orthodontic treatment of
occlusal abnormalities. The procedure never gained much traction in the orthodontic community
until the late 1990’s and early 2000’s. During that time, the Wilcko brothers proposed a technique
of corticotomy facilitated orthodontics termed Accelerated Osteogenic Orthodontics (AOO) and,
more recently, as PAOO.2,3 The technique consists of laying a full mucoperiosteal flap and
performing corticotomy cuts on both the buccal and lingual surfaces of the alveolar ridge during
fixed orthodontic treatment. Subsequent bone grafting is used to thicken the alveolar ridge and
modify the periodontal phenotype.
By the end of the 2000’s, the latest technique employing corticotomies was developed, and
coined Surgically Facilitated Orthodontic Therapy (SFOT).4 The procedure, which consists of full
flap corticotomies and bone grafting (Fig 1), is a modified version of the PAOO technique originally
proposed by Wilcko2. In SFOT, selective corticotomies and bone grafting are performed only in the
direction of desired tooth movement, whereas PAOO involves all buccal and lingual surfaces
indiscriminately. Skeletal anchorage plates and micro-implants are often used with SFOT and are
typically placed during the surgical procedure.4
The design of the corticotomy cut varies between the two techniques. In PAOO, the
surgical cuts extend just through the cortical plate, leaving the medullary bone intact.2,3 Because the
regional acceleratory phenomenon (RAP) is proportional to the extent of the surgical insult, the
corticotomy cuts in SFOT are designed to penetrate deeper into the medullary bone (Fig 2).5,6 The
surgical insult of the corticotomy facilitates a localized surge in pro-inflammatory cytokines, which
boosts osteoblastic and osteoclastic activity.7 This increased activity leads to decreased bone density,
resulting in acceleration of tooth movement. The expression of various inflammatory cytokines and
receptors increases two to three-fold following corticotomy, and tracing markers for osteoclast

regulation and osteoblastic activity have revealed a coupled increase in catabolic and anabolic
activity.8 Additionally, the surgical insults stimulate new vascular plexus formation in the PDL,
around which bone resorption and formation occur. 7

Figure 2 - Steps in the SFOT surgical procedure.
A) Full mucoperiosteal flap
B) Interdental corticotomies with dimpling over the
root surfaces
C) Ridge augmentation
D) Post-op

Figure 1 - Corticotomies through the cortical plate
into the medullary bone stimulate the RAP effect and
accelerate tooth movement.

SFOT, PAOO, and other forms of corticotomy-assisted orthodontic therapy have now been
utilized for over 20 years to overcome the limitations encountered with traditional orthodontic
treatment of dentoalveolar and alveoloskeletal malocclusions (Fig 3). Dentoalveolar describes the
relationship of the teeth to the alveolar bone and includes the quality and quantity of bone around
the roots. Alveoloskeletal describes the relationship between the dentoalveolar complex and the
skeletal base, and skeletal refers to the positioning of jaws.4,9 A patient with an ideal skeletal

relationship (ANB=2) can present with a Class II, Class III or transverse malocclusion resulting
from a dentoalveolar or alveoloskeletal discrepancy. Conversely, a patient with ideal dentoalveolar
and alveoloskeletal relationships can present with a skeletal malocclusion due to a discrepancy
between the upper and lower jaws. SFOT is primarily used to optimize dentoalveolar and
alveoloskeletal relationships, while orthognathic surgery and dentofacial orthopedics are the gold
standards for addressing skeletal malocclusions.

Figure 3 - Malocclusion severity scale based on the fundamental components of dentofacial problems and the
range of treatment options for addressing them. SFOT is used to optimize dentoalveolar and alveoloskeletal
relationships, while orthognathics and orthopedics are aimed at addressing skeletal discrepancies.

Corticotomies are best known for accelerating treatment. The literature has repeatedly
shown that the procedure results in a 30-70% reduction in treatment time.10 Since most
conventional orthodontic treatments require an average of almost two years to complete11, this
significant reduction in treatment time can help avoid the undesirable side effects of prolonged
treatment times, such as root resorption, decalcification, periodontitis, and recession. In addition to
accelerating treatment, SFOT has a multitude of other proposed benefits, including increased posttreatment stability, periodontal phenotype enhancement, reduction of periodontal defects, increased
buccal bone thickness, decreased root resorption, and a broader envelope of dental movement in all
three dimensions. 4,10,12

Effects on the periodontium
Due to the aggressive nature of the full flap surgical procedure, combined with the high rate
and magnitude of tooth movement, there have long been concerns about possible adverse effects of
SFOT on the periodontium. Gantes et al.13 evaluated attachment levels, probing depths, and plaque
scores before and after SFOT and found that the corticotomy surgery caused minimal changes to
the periodontal attachment apparatus. Several studies have reported a small mean decrease (0.2-1.5
mm) in pocket depth after treatment.13,14 In 2015, Wilcko et al.15 reported a net increase in
keratinized gingiva heights following corticotomy-assisted orthodontic treatment. This finding is
particularly important because it has previously been reported that increasing the width and
thickness of the soft tissues with surgical augmentation leads to coronal migration of the gingival
margin through ‘creeping reattachment’. 16 A systematic review by Hoogeveen et al.10 found that out
of 18 studies on surgically facilitated orthodontic treatment, none reported detrimental effects on
the periodontium (increases in probing depth, recession, attachment loss, or bleeding on probing)
following SFOT.
In patients with thin periodontal phenotypes and pre-existing hard and soft tissue defects,
SFOT can modify the phenotype and create a more robust periodontium, which protects against
iatrogenic damage to these tissues during orthodontic treatment (Fig 5) 12,17,18 One split mouth study
performed on dogs showed that the graft side had less bone loss over the roots than the non-graft
side. 19 Ahn et al.20 used corticotomy with augmentation to facilitate the proclination of the
mandibular incisors in the presurgical decompensation of Class III patients. The investigators found
that the mean labial bone thickness had increased by 1.6 to 2.0 mm at the end of the presurgical
phase in the corticotomy group, and no gingival recession was observed. Significant (P <0.001)
vertical alveolar bone loss was observed only in the control group.

In addition to preventing new bony defects from forming during treatment, SFOT has also
been shown to cover preexisting defects (Fig 4). Wilcko et al.21 analyzed CT scans and bone
biopsies of patients treated with corticotomies and bone grafting 2-11 years post-treatment. Their
findings reported enhanced alveolar thickness and successful covering of pre-existing fenestrations.

Figure 4
A) Pre op photo showing severe
bony defects prior to treatment
with SFOT and ridge
augmentation
B) Re-entry over a year after
corticotomies and bone grafting
were performed shows
successful covering of the preexisting defects

Figure 5 - Successive cone beams at initial, 5 months post surgery, and 18 months post-surgery. Significant
thickening of the buccal alveolar bone around the incisors is noted.

Root Resorption
SFOT has been shown to reduce the rate of root resorption and hyalinization by decreasing
loading in the periodontal ligament.22 In one split-mouth study, histologic analysis on premolars
following treatment showed less hyalinization and root resorption on the pressure side in the
corticotomy group than in the controls.23 The authors concluded that the elimination of cortical
resistance or increased local tissue metabolism might prevent excessive pressure buildup in the PDL
and subsequent hyalinization. This finding has been further evidenced by finite element analysis
showing decreased compressive stresses and increased tensile stresses in the periodontal ligament
following corticotomy.24 The finite element analysis study by Verna24 also showed that the lowered
density of bone following decortication moves the center of resistance and rotation of the teeth
apically. Therefore, the reduced density of the alveolar bone has the potential to change not only
the rate of tooth movement but also the mode.

Stability
It has been proposed that remodeling of the alveolus and thickening of the hard and soft
tissues following corticotomies with bone grafting results in higher post-treatment stability and less
relapse (Fig 6). Ferguson et al.25,26 performed a 5- and 10-year post-treatment evaluation of the
irregularity index of the lower incisors in patients that received corticotomy facilitated orthodontic
treatment with bone grafting. The authors found that in patients treated with and without surgical
intervention, the irregularity index at 5 years post-treatment changed 0.4 mm vs. 2.8 mm, and 0.9
mm vs. 2.4 mm at 10 years. They also showed that at 5 years follow up, the intervention effectively
stabilized intercanine width and arch length.25 It is the only active orthodontic therapy that has been
shown to improve mandibular arch outcome stability.

Figure 6 - Case example of the rapid changes that occur with SFOT and the stability of those changes
over a 4-year period

Crowding and constricted arches with a lack of dentoalveolar bone is a common problem
encountered in the treatment of adults. Arch length is typically gained by expansion or proclination
of the incisors, but it has been shown that facial bone thickness in adult humans is, on average, less
than 1mm. 27,28 Because the orthodontist is constrained by the limits of the bony alveolar housing,
treating crowded and underdeveloped arches in adult patients is difficult without violating these
boundaries. Traditionally, these malocclusions have been treated with extractions, which effectively
alleviates crowding but does not address the lack of bone and insufficient oral volume. One of the
main arguments against the use of corticotomies in treating these cases is the invasive nature of the
procedure itself. This stigma has slowed its acceptance and utilization within the orthodontic
community. Patients that have undergone both premolar extraction and corticotomies, however,
considered the corticotomies to be less traumatic than dental extractions.29

SFOT with bone augmentation has been suggested as an alternative to extractions in these
cases because it addresses the underlying problems of insufficient alveolar bone and compromised
arch forms.17 By increasing the volume of the alveolar process, SFOT can facilitate arch
development, prevent and treat fenestrations, increase the magnitude of tooth movement, improve
the periodontal phenotype and reduce treatment time 30-70%.4,10,15,30 Nevertheless, few studies to
date have considered arch expansion using SFOT in adults, and none have analyzed the use of clear
aligners with corticotomies for this purpose.
Within the Invisalign literature, there are a limited number of studies on arch expansion in
adults. Boyd et al.31 reported in 2001 that Invisalign can be used for buccal expansion in the range
of 2-4 mm to alleviate crowding and modify the dental arch form. A few other studies have
investigated the predictability of arch expansion with aligners in adult patients, but the magnitude of
planned movements were relatively small, and none of the studies utilized corticotomies. 32–35 To
date, there is still no consensus on the range of dental expansion that can be achieved in adults with
or without surgical intervention.
The purpose of this study is to evaluate transverse arch expansion in consecutive patients
treated with SFOT and clear aligners. The aims of this study are:
1) Compare ClinCheck transverse measurements with actual clinical outcomes to determine the
effectiveness and predictability of arch expansion in adults using clear aligners with and without
adjunct corticotomies and bone grafting.
2) Evaluate treatment time and rate of expansion to determine if SFOT has any effect on the
efficiency of treatment.

Materials and Methods
This retrospective cohort study was approved by the University of the Pacific Institutional
Review Board (#20-117). The sample consisted of 59 non-growing adult patients that were
treatment planned for arch expansion with corticotomies and clear aligners. The patients were
consecutively treated from 2012 to 2016 by a single board-certified orthodontist (RR). All records
were obtained from the treating doctor’s private practice.
This study focused on the first round of aligner treatment only. Refinements done after the
initial series of aligners were not analyzed. All patients included in this study met the following
criteria:
1) Non-Growing adult
2) Treatment planned for significant arch expansion utilizing corticotomies and clear aligners
2) Records: Pretreatment (T1) and refinement scans (T2)

Exclusion criteria for this study were:
1) Missing records
2) Adjunct appliances (expanders, AP jackscrews)

After these criteria were applied, the final sample consisted of 51 patients, including 12 males and
39 females. All patients were referred to a single periodontist (MC) for full flap corticotomies and
bone grafting as an adjunct to their orthodontic treatment. The Invisalign ClinChecks for these
patients were designed by the treating doctor using a consistent SFOT protocol for arch expansion
with corticotomies. Out of the 51 patients treatment planned for SFOT, 17 declined the surgery and
proceeded with clear aligner therapy alone (Controls). The remaining 34 patients made up the SFOT
treatment group as show in figure 7. The mean age for the entire sample was 42.81 (+12.51 years).

Figure 7 - Description of study sample

Measurements and data collection
Pre-treatment (T1) and post-expansion (refinement – T2) scans were obtained using Itero
scanners. Treatment time for the first set of aligners was measured from the aligner start date up to
the first refinement. To eliminate outliers and provide a more accurate measurement of treatment
time, two patients that needed mid-course corrections were excluded from the averages.
Eight inter-arch width measurements (U/L 3-3, 4-4, 5-5, 6-6) were made on every model at
each time point. In addition, the amount of planned expansion (G1) was obtained for each ClinCheck.
The measurements were obtained using the arch width tool from Align Technology (Santa Clara, CA).
The widths were calculated using linear measurements (Fig 8) between occlusal reference points for
each pair of teeth (3-3, 4-4, 5-5, 6-6). The reference point is constructed at the occlusal projection of
the long axis of each tooth, providing a consistency between timepoints regardless of tooth angulation
changes.

C l

Figure 8 - Four inter-arch width measurements were
obtained on each arch at all three time points (T1, G1, T2)

Five calculations were made from these arch width measurements, as shown in figure 9.
Planned arch width changes (PC) represents the amount of expansion that was treatment planned.
The planned changes were calculated by subtracting the initial arch widths (T1) from the ClinCheck
goal (G1). Achieved arch width changes represent the amount of expansion that occurred during
treatment (T2-T1). Difference (Diff) was calculated by subtracting the achieved changes from the
ClinCheck goal (G1-T2) and represents the average amount of planned expansion in the ClinCheck
that was not attained clinically. The % goal achieved calculation shows the percentage of the
ClinCheck goal (G1) that was attained in treatment (T2). This measurement is also representative of
the ‘predictability’ of the ClinCheck plan. Finally, the rate of expansion was calculated by dividing
the amount of achieved expansion by the treatment time (weeks). Because changes were not
measured every week, it does not represent the actual rate of tooth movement per week, but instead
provides a relative measurement for the efficiency of expansion.
There were multiple cases where blocked out or flared teeth were not planned for expansion.
These teeth were still included in all the calculations of the mean for planned, achieved, and
difference measurements. Teeth that had planned expansion of 1 mm or less (P1 < 1mm), however,
were excluded from the rate and % goal achieved calculations to provide more clinically relevant
data and eliminate outliers.

Figure 9 - Description of time points and calculations used in the study.

Statistical analysis
A Chi-squared test was used to determine the proportion of sex. Descriptive analysis was
used for the mean, standard deviation, and range. Changes from T1 to T2 and differences between
planned and achieved movements were analyzed using paired t-tests. The two groups (control and
SFOT) were compared using independent t-tests. Pearson correlation was used to evaluate the
relationship between planned and achieved movements.

Results
The average age of the control group at T1 was 39.6 years (+11.89), and 44.35 years
(+13.02) for the treatment group. A Chi-squared test for the proportion of sex indicated no
statistically significant difference between the groups (P=0.48). Treatment time for the first set of
aligners varied greatly between the two groups. The control group had an average treatment time of
11.2 months (+3.19), with a range of 7 - 17 months. The SFOT group had a mean treatment time
of 6 months (+1.72) and a range of 3-10 months. The difference in treatment time between the two
groups was statistically significant at 5.2 months (P < .0001). Figure 10 shows the distribution of
treatment time between the two groups.

Figure 10 - Mean treatment time for first aligner set and distribution between the two groups

The SFOT and control groups showed no statistically significant differences in the mean
initial (T1) arch width measurements. Similarly, there were no statistically significant differences in
planned (P1) expansion between the two groups (Table 2). The amount of expansion that was
planned and achieved for each group is shown in table 1. In addition, the difference between
planned and achieved expansion, % goal achieved, and the rate of expansion are all included for
both groups.

Table 1 - Means and standard deviation for each measurement

Table 2 - Comparison of the means between both groups for all 5 variables

In both groups, the largest average magnitude and rate of expansion were observed between
the upper 4-4. The upper 5-5 measurement exhibited the greatest difference between predicted and
achieved tooth movements and had the lowest predictability for both groups. A paired t-test showed
that all arch width changes (upper and lower) between T1 and T2 for both groups had highly
statistically significant changes (P<.0001) (Table 2).

Table 3 – comparison of arch
width changes

Figure 11 - Mean amount of expansion achieved in treatment and the minimum,
maximum, and standard deviation values for each measurement.

The SFOT group achieved a greater magnitude and significantly higher rate (P< 0.002) of
expansion than controls for all eight interarch measurements. Additionally, the SFOT group
displayed higher predictability (% goal achieved) and a smaller difference between predicted and
achieved tooth movements for all measures obtained. The paired t-test for the difference between
planned and achieved expansion in each group revealed that six of the eight interarch measurements
in controls had a statistically significant difference, compared to three in the SFOT group (Table 1).

Figure 12 Comparison of the
rates between the
two groups. The
SFOT group had a
significantly (P<.005)
higher rate for all 8
measurements.

Figure 13 - The mean, minimum, and maximum rate of expansion (Efficiency) for each
group. The mean rate of expansion was 2.4x higher in the SFOT group.

Figure 14 - The % goal achieved calculation shows the percentage of the ClinCheck
goal (G1) that was attained in treatment (T2). This measurement is also representative
of the ‘predictability’ of the ClinCheck plan.

Difference between Predicted and Achieved Expansion
(mm)
2

Mm difference
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Figure 15 - Difference (Diff) was calculated by subtracting the achieved changes from
the ClinCheck goal (G1-T2) and represents the average amount of planned expansion in
the ClinCheck that was not attained clinically.

Discussion
An internal study from Align Technology found that one should expect about 80% of tooth
movement seen in the ClinCheck. This observation is consistent with the findings in the control
group for this study, which averaged around 76% goal achieved overall. It is also comparable to the
results found in other studies that have evaluated these same measurements.32,35 Although the
control group achieved similar rates of planned movement as seen in other studies, the magnitude of
planned movement was much higher than comparative studies. This indicates that the predictability
of these movements might cover a higher range than initially thought, even without surgical
intervention.
The SFOT group had an overall average % goal achieved of 90.4%, indicating higher
predictability than the controls and other studies. The predictability in the SFOT group is also
10.4% higher than what has been reported by Invisalign's internal research. Notably, the SFOT
group achieved a higher magnitude (+28%) and predictability (+14.4%) of expansion while
completing treatment 46% faster than controls. This finding is on par with the 30-70% reduction in
treatment time reported in the literature.

Figure 16 – Case example of a patient that was unsatisfied with her result after refusing SFOT in the
first round of aligners. Corticotomies and bone grafting produced a superior result in refinement.

While fixed appliances have been used traditionally in corticotomy assisted orthodontics, this
sample provided unique insight on this treatment with clear aligners. The use of aligners with SFOT
has multiple potential benefits over fixed appliances. It has already been shown that clear aligner
patients had fewer visits, shorter treatment duration (-5.5 months), less chair time and a lower risk of
emergencies than patients treated with fixed appliances.36 In addition, fixed appliances are
associated with increased inflammation and mild periodontal breakdown, while clear aligners allow
for superior hygiene and esthetics.37,38 These differences could have potential implications for
wound healing, marginal inflammation, and gingival recession in SFOT patients, but further research
is needed.
From multiple systematic reviews on SFOT, the average age of study samples is between 2030 years old and the average sample size is ~20 patients.10,11,39 The sample used in the current study,
which included 51 patients with an average age of 42.81 (+12.51 years), is unique for both its size
and age. Additionally, the use of clear aligners instead of fixed appliances is novel for a study of this
type.
It is impossible to judge the outcomes of the SFOT procedure just on the findings of this
study alone. CBCT analysis could not be performed due to an inadequate number of T2 scans.
Analysis using 3D CBCT on a similar cohort would allow for differences in root movement and
buccal bone thickness to be assessed. While both the control and SFOT groups attained a large
amount of expansion, the long-term stability and periodontal health were not evaluated. A multiyear follow-up study on this cohort could provide valuable insight into the stability and tissue health
of these patients and shed light on what effects SFOT has in the long term.

Conclusions
•

Arch expansion with corticotomy-assisted clear aligner therapy is significantly more
effective, efficient, and predictable than with clear aligners alone.

•

The predictability of expansion with aligners appears to have a higher range than initially
thought, even in patients that do not receive corticotomies.
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